Morphine and breast tumor metastasis: the role of matrix-degrading enzymes.
Opioids including morphine are commonly used in pain management during and after cancer surgery but have been linked to a variety of pro- and anti-tumor effects. In the present study the effect of morphine administration on the localization and growth of breast tumor cells in lungs and the level of extracellular matrix (ECM) proteases were investigated. In a mouse syngeneic model of intravenously inoculated breast cancer cells, morphine administration led to a reduction in the localization and growth of tumors in the lungs and a reduction in circulating matrix metalloproteinase-9 (MMP-9) and urokinase-like plasminogen activator (uPA). To model the involvement of non-malignant cells of the tumor microenvironment in the changes we observed in the level of proteases, we co-cultured breast cancer cells with macrophages, endothelial cells and fibroblasts. We found a significant elevation of matrix proteases as well as matrix protease inhibitors in co-cultures of breast cancer cells with macrophages or endothelial cells. Interestingly, morphine treatment of these co-cultures reduced the level of MMP-9 and increased its endogenous inhibitor, TIMP-1, thereby altering the proteolytic profile. Morphine affected the level of enzymes in co-cultures but not in cells grown individually. This suggests that anti-tumor effects of morphine observed in our in vivo model could be mediated at least in part through modulation of paracrine communication between cancer cells and non-malignant cells in the tumor microenvironment.